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Abstract 
The extended Cornell potential which the harmonic oscillator potential is included in the original Cornell 
potential. The Dirac equation is solved by reducing the Dirac equation to the form of Schrodinger equation. The 
Nikiforov-Uvarov method is applied to obtain the energy eigenvalues and corresponding wave functions. The 
obtained results are important to calculate many characteristics of fermion relativistic particles. 
Keywords: Dirac Equation; Nikiforov-Uvarov Method; Cornell Potential. 
 
Introduction 
The solutions of fundamental dynamical systems are interesting phenomenon in the many fields of physics. Thus, the 
description of atomic and subatomic physical systems using the relativistic quantum mechanics is important and impressive 
field. The Dirac equation plays a major role in the description of relativistic particles with spin  1
2
1
. In recent years, the 
Dirac equation is solved for different potentials such as in Refs.  82 . In Ref.  2 , the analytical solutions of the Dirac 
equation with the Cornell potential with identical scalar and vector potentials using perturbation method are investigated. In 
Ref.  3 , the approximate solutions of the Dirac equation with scalar and vector generalized isotonic oscillators and 
Cornell tensor interaction using the ansatz approach are obtained. In Ref.  4 , the bound energy spectrum and the 
corresponding generalized hypergeometric wave function of the Dirac equation for modified-Hylleraas potential under 
spin and pseudo spin symmetry limits in the framework of the Alhaidari-formalism are obtained. In Ref.  5 , the exact 
solutions of Dirac equation with pseudoscalar Cornell potential using the Nikiforov-Uvarov method are obtained. In Ref. 
 6 , the exact solution of Dirac equation for the Hartmann potential are obtained using the Nikiforov-Uvarov method. In 
Ref.  7 , Xian-Quen et al. solved Dirac equation with new ring-shaped non-spherical harmonic oscillator when the scalar 
potential is equal to the vector potentail.  In Ref.  8 , the Dirac equation with position-dependent mass is approximately 
solved for the generalized Hulthen potential with any spin-orbit quantum number k  using the Nikiforov-Uvarov method. 
The Cornell potential which consists of Coulomb plus linear potentials has received a great deal of attention in particle 
physics. The Cornell potential was used with considerable success in models describing systems of bound states of quark 
and anitquark such as in Ref.  5  and references therein. 
In this work, the Cornell potential is extended to include the harmonic oscillator potential which is not considered in the 
recent works such as in Refs.  81  in the framework of the Dirac equation. The Nikiforov-Uvarov method is used to 
calculate the energy eigenvalues and the corresponding wave functions. 
The paper is organized as follows: In Sec. 2, the Nikiforov-Uvarov method is briefly explained which is used as the 
technique in the present paper. In Sec. 3, The energy eigenvalues and the wave functions of the Dirac equation are 
calculated. In Sec. 4, the summary and conclusion are presented. 
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Theoretical Description of the Nikiforov-Uvarov Method 
In this section, the Nikiforov-Uvarov method is briefly given, which is used as the technique to solve second-order 
differential equation as follows  
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where )(s  and )(~ s  are polynomials of maximum second degree and )(s  is a polynomial of maximum first 
degree. The Nikiforov-Uvarov method is given in Ref.  9 . The second-order differential equation which takes following 
form by taking the )(s  as follows 
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 Eq. (1) is written as in Ref.  10 , where 
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 )(=)( ss n  is a polynomial of n  degree which satisfies the hypergeometric equation, taking the form 
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 where nB  is a normalization constant and )(s  is a weight function which satisfies the following equation  
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and  
 ),(= sK '   (10) 
the )(s  is a polynomial of first degree. The values of K  in the square-root of Eq. (9) is possible to calculate if the 
function under the square is square of function. This is possible if its discriminate is zero. 
The Dirac Equation for the Extended Cornell Potential 
The quark mass m  where the index   refer to kind of particle (u , d , and s  quark in the present case) in the 
presence of a confining potential )(rV  in the Dirac equation is given  2    
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where   and   are the usual Dirac matrices. By decomposing the above equation in the spherical coordinates, we have 
the component wave function  
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substituting Eq. (12) into Eq. (11) and then separating radial parts, the following radial equations are obtained 
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where the nE  is an energy eigenvalue of particle   and the eigenvalue of quantum number ( k ) is related to the total 
angular momentum quantum number j  by the following form  
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 Eqs. (13) and (14) are reduced to the Schrodinger equation as in  2  as follows  
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where   mE n 
2
1
=0  and   mE n =1 . The extended Cornell potential is suggested as in Ref.  11 . Thus, 
the potential takes the following form  ,=)( 2cr
r
b
arrV   (17) 
where ,,ba  and c  are arbitrary positive constants.  The potential has distinctive features of strongly interaction, 
namely, the asymptotic freedom and the confinement are represented in the first and the second terms, respectively. The 
combined two terms are called the Cornell potential. The third term 
2cr  is called the harmonic oscillator potential which 
defines the particle with mass m  oscillates with frequency   where the parameter c  is proportional with m  and 2
. The harmonic oscillator potential plays important role on the effect of the quarkonium properties as in Refs.  11,12  By 
substituting Eq. (17) into Eq. (16), we obtain 
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Let assume 
x
r
1
=  and 0r  a characteristic radius of the meson. Then the scheme is based on the expansion of 
x
1
 in a 
power series around ,0r  i. e. around 
0
1
=
r
  in x  space (for details, see Ref. [10] and the references therein). Eq. (18) 
takes the following form  
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(19) and Eq. (1), we find xs 2=)( , 2=)( xs , and )(2=)(~ 210 xCBxAs  . Hence, the Eq. (19) satisfies 
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the conditions in Eq. (1). By following technique is mentioned in Sec. 2 as well as in Ref.  ,10  the energy eigenvalue of 
Eq. (18) is given  
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In Ref.  10 , the Cornell potential is only used to obtain the energy eigenvalues. Hence, the energy eigenvalues in Ref. 
 10  is a particular case from Eq. (20) when the parameter 0=c . By following the steps in the section 2. The radial of 
wave function of Eq. (18) takes the following form  
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where nkC  is a normalization constant that is determined by   1=
2
rdrRnk  and  
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Summary and Conclusion 
In this work, the modified Cornell potential is suggested, which plays an important role for describing the interaction 
between quark and antiquark at short distances in the bound state of meson as in Refs.  11,12 . The Dirac equation is 
solved for the modified Cornell potential, where the Dirac equation is reduced to the Schrodinger equation as in Ref.  2 . 
The Nikiforov-Uvarov method is applied to obtain the energy eigenvalues and corresponding wave functions. The 
advantage of the present work that the modified Cornell potential is not considered in the many recent works that 
mentioned in the section (1) by using the Nikiforov-Uvarov method. 
We conclude that the obtained results are important to calculate many characteristics of fermion relativistic particles. 
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